We present near-infrared and optical observations of the nova V496 Scuti 2009 covering various phases -pre-maximum, early decline and nebular -during the first 10 months of its discovery followed by limited observations in early part of 2011 April. The spectra follow the evolution of the nova when the lines had strong P Cygni profiles to a phase dominated by prominent emission lines. The notable feature of the near-IR spectra in the early decline phase is the rare presence of first overtone bands of carbon monoxide in emission. Later about 150 days after the peak brightness the IR spectra show clear dust formation in the expanding ejecta. Dust formation in V496 Sct is consistent with the presence of lines of elements with low ionization potentials like Na and Mg in the early spectra and the detection of CO bands in emission. The light curve shows a slow rise to the maximum and a slow decline indicating a prolonged mass loss. This is corroborated by the strengthening of P Cygni profiles during the first 30 days. In the spectra taken close to the optical maximum brightness, the broad and single absorption component seen at the time of discovery is replaced by two sharper components. During the early decline phase two sharp dips that show increasing outflow velocities are seen in the P Cygni absorption components of Fe II and H I lines. The spectra in 2010 March showed the onset of the nebular phase. Several emission lines display saddlelike profiles during the nebular phase. In the nebular stage the observed fluxes of [O III] and Hβ lines are used to estimate the electron number densities and the mass of the ejecta. The optical spectra show that the nova evolved in the P f e A o spectral sequence. The physical conditions in the ejecta are estimated. The absolute magnitude and the distance to the nova are estimated to be M V = −7.0 ± 0.2 and d = 2.9 ± 0.3 kpc respectively.
INTRODUCTION
Nova Scuti 2009 (V496 Sct) was discovered by Nishimura on 2009 November 8.370 UT at V = 8.8 (Nakano 2009). The low resolution spectra obtained soon after its discovery in the period 2009 November 9.73 UT to 10.08 UT showed prominent Hα and Hβ emission lines with P Cygni components, along with the strong Fe II multiplets and O I lines indicating that V496 Scuti is an Fe II class nova near maximum light (Teyssier 2009 , Munari et al. 2009a , Balam & Sarty 2009 ). The typical FWHM of the P Cygni components ranged from 700 to 950 km s −1 with the absorption component blue shifted by 700 km s −1 . The follow-up observations by Munari et al. (2009b) showed a post-discovery brightening for about 10 days before the onset of fading with maximum brightness Vmax = 7.07 around 2009 November 18.716 UT. V496 Sct was observed in the infrared by Rudy et al. (2009) using Near Infrared Imaging Spectrograph on the 3m Shane reflector at Lick Observatory on 2009 November 27.08 UT and revealed strong first overtone CO emission -an extremely short lived feature that is seen in only a few novae. They also found several prominent C I emission lines with the strongest line accompanied by P Cygni type absorption component. As the novae that display first overtone CO in emission and strong C I emission in early phases form dust, Rudy et al. (2009) An inspection by Guido & Sostero (2009) of the Digitized Sky Survey (DSS) plate (limiting red magnitude about 20) obtained on 1996 August 13 did not reveal any clear and unambiguous object at the position of V496 Sct. The limiting red magnitude of 20 for the DSS plate makes V496 Sct one of the large amplitude (∆R 13.5) novae.
The nova V496 Sct was studied at Mt. Abu IR Observatory of Physical Research Laboratory in India, at Asiago Observatory operated by the University of Padova and INAF Astronomical Observatory of Padova and Schiaparelli Observatory in Italy. In this paper we present spectral evolution during the pre-maximum rise, early decline and the nebular phase.
OBSERVATIONS

Infrared observations
Near-IR observations were obtained using the 1.2m telescope of Mt.Abu Infrared Observatory from 2009 November 19 to 2011 April 23. The availability of V496 Sct for short duration during 2009 December resulted in restricted photometric coverage. The log of the spectroscopic and photometric observations are given in Table 1 . The spectra were obtained at a resolution of ∼ 1000 using a Near-Infrared Imager/Spectrometer with a 256×256 HgCdTe NICMOS3 array. In each of the JHK bands a set of spectra was taken with the nova off-set to two different positions along the slit ( slit width 1 arc second). The wavelength calibration was done using the OH sky lines that register with the stellar spectra. The spectra of the comparison star SAO 144150 (spectral type B9.5 III) and SAO 142612 (spectral type B9) were taken at similar airmass as that of V496 Sct to ensure that the ratioing process (nova spectrum divided by the standard star spectrum) removes the telluric features reliably. To avoid artificially generated emission lines in the ratioed spectrum, the H i absorption lines in the spectra of standard star were removed by interpolation before ratioing. The ratioed spectra were then multiplied by a blackbody curve corresponding to the standard star's effective temperature to yield the final spectra.
Photometry in the JHK bands was done in clear sky conditions using the NICMOS3 array in the imaging mode. Several frames, in 4 dithered positions, offset by ∼ 30 arcsec were obtained in all the bands. The sky frames, which are subtracted from the nova frames, were generated by median combining the dithered frames. The star SAO 142612 having 2MASS JHK magnitudes 6.55, 6.51 and 6.44 respectively and located close to the nova was used for photometric calibration. The data is reduced and analyzed using the IRAF package.
Optical spectroscopy
Spectroscopic observations of V496 Sct were obtained with the 0.6m telescope of the Schiaparelli observatory in Varese, equipped with a multi mode spectrograph (Echelle + single dispersion modes) and various reflection gratings, as part of the ANS Collaboration monitoring of nova outbursts . A journal of the spectroscopic observations is provided in Table 3 , where the time is counted from the V band maximum. The resolving power of the Echelle spectra is ∼20,000. The spectra were exposed with a 2 arcsec wide slit, oriented along the instantaneous parallactic angle. All spectra (including Echelle ones) were calibrated in absolute fluxes by observations of several spectrophotometric standards each night, at similar airmasses and both immediately before and after the exposure on the nova. Their zero-points were then checked against simultaneous BVRI photometry by integrating the band transmission profiles on the fluxed spectra, with the differences almost never exceeding 0.1 mag.
Optical photometry
Optical photometry of V496 Sct was obtained with ANS Collaboration telescope number R030 located in Cembra (Trento, Italy). A detailed description of ANS Collabora- Table 2 . The median values for the total error budget are σ(V)=0.008, σ(B-V)=0.014, σ(V-R)=0.012, σ(V-I)=0.027, which include both the Poissonian components and the uncertainty in the transformation from the local to the standard Landolt (1992) system.
RESULTS
The optical light curve
3.1.1 The pre-maximum rise, outburst luminosity, reddening and distance
The optical light curve based on Table 2 is presented in Fig.  1 . There is a good photometric coverage of the nova's rise to maximum which lasts for almost 10 days culminating in a peak brightness of Vmax = 7.07 on 2009 November 18.716 UT. The early decline after the maximum was observed till mid -December and subsequently the solar conjunction of V496 Sct resulted in lack of its observational coverage till early 2010 February. We determine the rate of decline by doing a least square regression fit to the post maximum light curve and estimate t2 to be 59 ± 5 d. The estimated value of t2 makes V496 Sct as one of the moderately fast Fe ii class of novae in recent years. V496 Sct is one of the large amplitude novae observed in recent years with △R 13.5 magnitudes (Guido & Sostero 2009 ). These observed values of the amplitude and t2 for V496 Sct put it close to the upper limit in the observed spread of the amplitude versus decline rate plot for classical novae presented by Warner (2008, Fig.   2 .3). Using the maximum magnitude versus rate of decline (MMRD) relation of della Valle & Livio (1995) , we determine the absolute magnitude of the nova to be MV = −7.0 ± 0.2. The reddening is derived using the intrinsic colors of novae at peak brightness, namely (B − V ) = 0.23 ± 0.06, as derived by van den Bergh & Younger (1987) . We have used our optical photometry data to calculate E(B − V ). The observed (B −V ) = 0.797 ± 0.014 results in E(B −V ) = 0.57 ± 0.06. We have also estimated E(B − V ) using the interstellar lines and diffuse interstellar band (DIB) registered in our high resolution optical spectra. The Na I line is composed of at least five independent components, of which three are well isolated and the remaining two are blended. Following Munari & Zwitter (1997) we estimate a total value of E(B − V ) = 0.65 from these five components. The interstellar line of K I, though underexposed in the observed spectra, gives a value of E(B −V ) ∼ 0.60 and the DIB λ6614 gives E(B −V ) = 0.65. These estimates of interstellar reddening are in good agreement with each other, and in the rest of this paper we adopt E(B − V ) = 0.57 ± 0.06 and AV = 1.77 ± 0.06 for a standard reddening law R = 3.1. In their study of the spatial distribution of the interstellar extinction, Neckel & Klare (1980) have shown that close to the direction of V496 Sct, AV shows a value of ∼ 1.8 mag around 3 kpc and moderate value of AV estimated by us appears reasonable. By using (MMRD) relation of della Valle & Livio (1995) and taking the value of E(B − V ) = 0.57 ± 0.06 we obtain the distance d = 2.9 ± 0.3 kpc to the nova. By using the relations for the blackbody angular diameter and temperature, expansion rate for the ejecta and distance to the nova given by Ney & Hatfield (1978) and Gehrz (2008) respectively, we estimate a value ∼ 9 kpc for the distance to the nova. This value is more than 3 times the value estimated by (MMRD) relation of della Valle & Livio (1995) . A likely reason for this discrepancy is the behaviour of the pseudo-photosphere as a grey-body with reduced emissivity in the fireball phase as seen earlier in the case of V1280 Sco (Das et al. 2008 ) and V5579 Sgr (Raj, Ashok & Banerjee 2011). 
The nature of the light curve
A classification system for the optical light curves for novae, based on a large sample of American Association of Variable Star Observers (AAVSO), has been presented by Strope et al. (2010) . Their classification system defines seven classes based on the time to decline by 3 mag from the peak, t3, and the shape of the light curve. The shape of the optical light curves of V496 Sct presented in Fig. 1 has all the characteristics of D class of nova. The early decline following the rise to the maximum is interrupted by fast decline around 90 days after the outburst reaching minimum brightness close to 120 days near the center of the dust dip. The brightness recovered to a value below the original decline. Thus the classification of the optical light curve for V496 Sct is D(90), as the estimated value of t3 is ∼ 90 days for V496 Sct.
Line identification, evolution and general characteristics of the JHK spectra
The JHK spectra are presented in Figs. 2 to 4 respectively; the observed line list is given in Table 4 . The infrared observations presented here cover all the phases with the first J band spectrum taken on 2009 November 19 very close to the visual maximum. This J band spectrum is dominated The ratio of the observed strength of the O i lines, W (1.1287)/W (1.3164) ∼ 3 indicates that Ly β fluorescence is the dominating pumping mechanism and this is corroborated by the strong O i 8446 line seen in the optical spectra discussed later. A noticeable feature of these early spectra is the presence of lines due to Na i and Mg i. In the spectra taken on 2009 December 5 the Na i lines at 1.1404µm, 2.1452µm, 2.2056µm and 2.2084µm and Mg i lines at 1.1828µm, 1.5040µm, 1.5749µm and 1.7109 µm are clearly seen. In an earlier study of V1280 Sco, Das et al. (2008) had suggested that the presence of spectral lines of low ionization species like Na i and Mg i in the early spectra are indicators of low temperature zones conducive to dust formation in the nova ejecta and this is very well borne out in the case of V496 Sct. We would like to point out the presence of a large number of strong lines of neutral carbon seen in the JHK bands. These are typical of Fe ii type nova as seen in the case of V2615 Oph (Das, Banerjee & Ashok 2009 ) and V5579 Sgr (Raj, Ashok & Banerjee 2011) .
The most interesting spectral features seen in the spectra of V496 Sct taken in 2009 December are the prominent first overtone CO bands in the K band and they are discussed in the following subsection 3.3. The last spectra, before V496 Sct became inaccessible due to its conjunction with the sun, was taken on 2009 December 9.
The set of spectra taken in 2010 April, after V496 Sct emerged from its solar conjunction, show strong He I lines at 1.0830µm in the J band and 2.0581µm in the K band. The He I 1.0830µm line exceeds in strength compared to H I lines indicating higher excitation conditions in the nova ejecta. The other weaker He I lines at 1.7002µm and 2.1120-2.1132µm are also seen. The rising continuum seen in the spectra taken on 2010 April 11 indicates that the dust detected by Russell et al. (2010) on 2010 February 10 is still present.
Modeling and evolution of the CO emission
We adopt the model developed in our earlier work on V2615 Oph (Das, Banerjee & Ashok 2009) by dividing with 4πd 2 where d is the distance to the source and scaling to a unit wavelength. The peak intensities of the vibration bands are analytically determined such that the integrated area under the curve matches the expected observed quantity E/4πd
2 . An appropriate continuum determined from the K band photometry for a particular date is added to the model CO emission so that it can be compared with the observed CO emission bands. The input parameters to the model are the total mass of the CO gas (MCO), the 12 C/ 13 C ratio denoted as a constant α and the gas temperature TCO. For a given set of values for MCO, α, TCO and d the CO flux estimated from the model is an absolute quantity. The representative model spectra matching the observed data for 2009 December 5 and 7 are shown in Fig. 5 . The best fit model spectra to the observed data are obtained by varying the input parameters MCO, α, TCO. The expected changes to the model spectra by varying these input parameters may qualitatively be summarized as follows. The increase in MCO enhances the absolute level of the CO emission while the increase in TCO changes the relative intensities of different vibrational bands in addition to changing the absolute level of the emission. The CO emission is assumed to be optically thin. The C I lines at 2.2906 and 2.3130 µm and Na I lines at 2.3348 and 2.3379 µm are also likely to be present in the spectral region covered by the CO emission giving rise to some deviations between the best model fit and the observed spectra. In addition, since a comparison of the relative strengths of the vibrational bands within the first overtone allows the gas temperature to be determined, we are handicapped by being able to detect only three of the bands (ν = 2-0, 3-1, 4-2). Within these constraints our formal model fits for 2009 December 5 and 7, yield temperatures of 4000 ± 500 K and 3600 ± 500 K respectively with a reasonably similar range in mass of MCO = 1.5−2 × 10 −8 M⊙. The representative fits for 2009 December 5 and 7 are shown in Fig. 5 . The model calculations also show that the v = 2 − 0 bandhead of 13 CO at 2.3130 µm becomes discernibly prominent if the 12 C/ 13 C ratio is 1.5. As this spectral feature is not clearly detected in our Figure 3 . The H band spectra of V496 Sct are shown at different epochs. The relative intensity is normalized to unity at 1.65 µm. The time from optical maximum are given for each spectrum.
observed spectra, we place a lower limit of ∼ 1.5 for the 12 C/ 13 C ratio. However we add a cautionary note that the signal to noise ratio in the region of 12 CO and 13 CO bands is about 15-20 and better quality spectra may permit a more accurate determination of the CO gas parameters. The lower limit of ∼ 1.5 for the 12 C/ 13 C ratio reported here is the lowest value till date among the novae that have displayed the first overtone bands of CO.
It may be helpful to compare the observed 12 C/ 13 C ratio in V496 Sct with the values for other novae that have displayed the first overtone bands of CO and also the model predicted values. The observed values for the 12 C/ 13 C ratio available in the literature are 12 C/ 13 C 5 in V705 Cas (Evans et al. 1996) , 12 C/ 13 C 3 in NQ Vul (Ferland et al. 1979) , 12 C/ 13 C 2 in V2615 Oph (Das, Banerjee & Ashok, 2009), 12 C/ 13 C ≃ 2.9 in V842 Cen (Wichmann et al. 1991 ) and 12 C/ 13 C ≃ 1.2 in V2274 Cyg (Rudy et al. 2003 ). The thermonuclear runaway (TNR) responsible for the nova outburst is one of the important source for the production of 13 C isotopes (Starrfield et al. 1972; Truran 1974 and Romano & Matteucci 2003) . Hajduk et al. (2005) have pointed out that the outburst of born-again giants like V4334 Sgr are another source for 13 C isotopes in the galaxy; a low value for the ratio 12 C/ 13 C = 5 was observed by Pavlenko et al. (2004) in V4334 Sgr. In the hydrodynamical models of nova outbursts the 12 C/ 13 C ratio will depend on parameters like the mass of the underlying white dwarf, the accretion history and mixing of the accreted material from the companion star with the surface material of the white dwarf (Jose & Hernanz 1998; Starrfield et al. 1997; Yaron et al. 2005) . The estimated lower limits as well as the observed values for 12 C/ 13 C ratio in case of novae discussed about indicate that 13 C is possibly not synthesized at the high values predicted by these theoretical models.
In the novae mentioned above that displayed CO bands, the estimated MCO ranges from 2.8 × 10
−10 M⊙ (V705 Cas) Figure 4 . The K band spectra of V496 Sct are shown at different epochs. The relative intensity is normalized to unity at 2.2 µm. The time from optical maximum are given for each spectrum.
to 3 × 10 −8 M⊙ (V2615 Oph). The present value of MCO = 1.5−2 × 10 −8 M⊙ for V496 Sct lies within this range and is similar to the CO mass determined in V2615 Oph.
Line identification, evolution and general characteristics of the optical spectra
The optical spectra presented here cover the pre-maximum rise, the optical maximum brightness, the early decline and the nebular phase. There are very few novae for which the spectral evolution before the maximum brightness has been documented: V1280 Sco (Naito et al. 2012 , Kuncarayakti et al. 2008 ) and V2615 Oph . The spectral evolution of V496 Sct during the pre-maximum, maximum and optically thick branch of the decline phase is presented in Fig. 6 , while the subsequent evolution during the optically thin and nebular phase is covered by Fig. 7 . Fig. 8 documents the complex evolution of profiles of Fe II λ5018 line, and Fig. 9 the temporal evolution of the velocity of the absorption components of Fe II λ5018 line. A summary of Ca ii triplet 8542
Ca ii triplet emission lines identified in the optical spectra is provided in Table 5 , and de-reddened fluxes (according to EB−V = 0.57 and a RV =3.1 reddening law) of the prominent emission lines relative to Hβ are given in Table 6 for some representative dates.
Pre-maximum rise and optical maximum
There is considerable interest in studying the spectral evolution during the pre-maximum rising phase of classical novae, an evolutionary phase rarely observed. The pre-maximum spectra of V496 Sct in Fig. 6 are characterized by emission lines confined to just FeII (multiplets 27, 28, 37, 38, 42, 48, 49, 55 and 74) and hydrogen Balmer series, with feeble OI 7772, 8446. During the rise toward maximum the baricentric and terminal velocity of P Cygni absorptions, and the FWHM of both absorption and emission components declined with time (see Fig. 6 ). The terminal and core velocity of P Cygni absorption component of Hα line in Fig 6. declined from −2000 and −700 km s −1 on day −9 to −1200 and −600 km s −1 on day −6, while at the same time the FWHM of the absorption and emission components declined from 1000 to 700 km s −1 . The P Cygni components essentially vanished at the time of maximum brightness. When they reappeared later into early decline they were much sharper (FWHM=250 km s −1 ) and blue-shifted (core velocity = −1350 km s −1 ) than at pre-maximum.
The high resolution Echelle spectra listed in Table 3 show that the broad and single P Cygni absorption components observed on 2009 November 10 and 12 of H I and Fe II multiplets are replaced by two narrow components on 2009 November 19. The two absorption components in case Figure 6 . Low-res spectroscopic evolution of V496 Sct from pre-maximum to the end of the optically thick branch (pre-nebular stage) of the light-curve. For the first month of the evolution the emission lines are mostly due to Fe II and H I, with also O I 7772, 8446, Na I 5893, and Ca II 8498, 8542. The last spectrum in plotted for commonality also in Fig. 7 . The time from optical maximum, the V band magnitude and the offset in log flux are given for each spectrum. Figure 7 . Low-res spectroscopic evolution of V496 Sct during the optically thin branch (nebular condition) of the lightcurve, with time from optical maximum, the V band magnitude and the offset in log flux are given for each spectrum. The major emission lines are identified.
of Fe II 5018, shown in Fig. 8 , are located at heliocentric velocities of -785 and -360 km s −1 .
Absorption systems during early decline
The Echelle spectra offer the possibility to observe at high resolution the evolution of the absorption components. As illustrated in Fig. 8 , when the nova reached its maximum brightness, the broad single absorption component of P Cygni line profile was replaced by two components, whose intensity gradually faded in parallel with the decline in brightness of the nova. A similar behaviour was exhibited by V2615 Oph where two absorption components are seen in addition to the emission component following the optical maximum . Fig. 8 presents line profiles for Fe II 5018 from the high resolution echelle spectra to illustrate the evolution of the two absorption components. Both absorption components increased their negative radial velocity with time, with a linear trend as illustrated in Fig. 9 and the best fit lines are given by the following expressions:
where t is the time after optical maximum. The approaching conjunction with the Sun prevented further observations of V496 Sct after our 2009 December 10, 22 days past optical maximum, and the next set of observations were resumed from 2010 March 13. Novae usually display different absorption systems, which behave similarly from object to object, and that have been studied in detail by McLaughlin (1960, hereafter McL60) , who introduced a handy nomenclature for them. An impressive graphical representation of them has been offered by Hack and Struve (1970, Fig. 4i ) from very high resolution observation of Nova Del 1967 by Ch. Fehrenbach. The A and B components of Eq. (1) and (2) shown in Fig. 9 nicely correspond to the principal and diffuse enhanced absorption systems described by McL60, who noted a clear correlation between the t2, t3 decline times and the mean velocity of these absorption systems. McL60 also noted how the radial velocity of these absorption systems generally increase with time, as seen here in V496 Sct. The McL60 velocity relation for the principal system is log vprin = 3.57 -0.5 log t2, and predicts a mean -485 km s
for the t2=59 day of V496 Sct. The agreement with Fig. 9 is evident, considering in particular that the approaching conjunction with the Sun prevented to extend the observations to later epoch characterized by larger radial velocities for both systems. The McL60 velocity relation for the diffuse enhanced system is log v diff−enh = 3.71 -0.4 log t2, and it predicts -1005 km s −1 for the t2=59 day of V496 Sct, again in good agreement with Fig. 9 . Munari et al. (2008) have pointed out similar agreement of the observed velocities for the absorption systems of Hα in case of V2615 Oph with the predicted values using the statistical relations by McL60.
For a few days around optical maximum, the high resolution spectra displayed a rich ensemble of very sharp absorption lines of modest radial velocity displacement, due to low ionization metals like Ti II, which will be investigated elsewhere. They are similar to the transient heavy element absorption systems resulting from the episodic mass ejection from the secondary star seen in novae by Williams et al. (2008) .
The permitted lines of Fe II are the strongest nonBalmer lines both during the pre-maximum rise, near optical maximum and early decline indicating P f e spectral class for V496 Sct during these phases (Williams et al. 1991; Williams, Phillips & Hamuy 1994) .
Nebular phase
The spectral evolution during the optically thin branch (nebular phase) is shown in Fig. 7 . The evolution has been pretty standard, with [O III] 4363, 4959, 5007 Fig. 7 , a firmer conclusion requiring a spectrum of higher S/N and resolution. The spectra shown in Fig. 7 show how the transition of V496 Sct from permitted to nebular phase occurred at an intermediate time after the last permitted spectrum of 2010 March 13 and the first nebular spectrum of 2010 April 28 where [O III] doublet lines λ4959 and λ5007 are seen prominently. We assign Ao spectral class for V496 Sct (Williams et al. 1991; Williams, Phillips & Hamuy 1994) .
The presence of an emission feature at λ4924 coinciding with Fe II(42) line in the spectra taken during 2010 March till June is little puzzling. As the other prominent Fe II lines at λ4584 and λ5018 are absent as expected in the nebular phase, this feature is unlikely to be associated with Fe II multiplet. We would like to point out the presence of the emission feature at λ4924 as an unidentified feature similar to several such features seen in the spectra of many novae.
Physical parameters
The emission line fluxes of hydrogen and other elements can be used to estimate the physical parameters of the nova ejecta. In the early decline phase when the electron number densities are large, it is necessary to take in to account the optical depth τ while deriving the physical parameters. We determine the optical depth for [O I] λ6300 line using the formulation of Williams (1994) , viz.,
where j is the line emissivity. For the period 2010 April 28 to 2010 October 5 we get τ in the range 0.54-3.21. Now from the optical depth and the electron temperature we can estimate the mass of oxygen in the ejecta using the λ6300 line. 
MOI = 152d
2 e 22850/Te × 10
where F is the flux of λ6300 line. Taking typical value of Te = 5000 K for the electron temperature (Ederoclite et al. 2006) we find MOI in the range 1.18×10
−5 -2.28×10
M⊙. The electron number density Ne can be determined by [O III] line as given in Osterbrock (1989) j4959 + j5007 j4363 = 7.73 e 
The values we obtained are in the range 10 4 to 10 6 cm −3
close to the lower limit of the critical densities to give rise to nebular and auroral lines. This indicates that these lines are arising in relatively low density regions. Following Osterbrock (1989) we have a relation between the intensity of the Hβ emission line and the mass of hydrogen in the emitting nebula of pure hydrogen as
where α ef f is the effective recombination coefficient and I(Hβ) is the flux for Hβ line. The mass of hydrogen m(H) in the ejecta is (6.3 ± 0.2)×10 −5 M⊙. As noted earlier in section 3.2 V496 Sct formed dust. The infrared observations by Russell et al. (2010) showed the presence of dust on 2010 February 10 which is still present on 2010 April 11 as indicated by the large (J-K) colour and the rising continuum. A sharp decline around 2010 February 8 seen in the V band light curve presented in Fig. 1 also indicates the onset of dust formation. It would be interesting to make an estimate of the dust mass M dust in V496 Sct and compare it with other novae that formed dust in their ejecta using the thermal component of the spectral energy distribution (SED). We adopt the method described by Woodward et al. (1993) that uses (λF λ )max and T dust values obtained from the thermal component of the spectral energy distribution (SED). It is pertinent to point out that the present JHK photometric observations cover mostly the increasing part of the SED and thus the estimate of the temperature for the dust T dust likely to have large uncertainty. We obtain M dust = 1-5×10 −10 M⊙ for 2010 April 30 from the best fit value T dust = 1500 ± 200 K (with χ 2 minimization) for the temperature of the dust shell, (λF λ )max = 2.62 ×10 −16 W cm −2 and d = 2.9 kpc. The estimated masses for different constituents of the ejecta like hydrogen, oxygen and dust derived from the optical and the infrared observations may be usefully utilized to derive the gas to dust mass ratio in novae. Gehrz et al. (1998) have presented a compilation of Mgas and M dust along with ratio Mgas/M dust ranging from 5 in case of V705 Cas and 3×10 4 in case of QU Vul. In case of V2362 Cyg, a very fast Fe II nova, Munari et al. (2008) have derived a value of 3×10 5 for Mgas/M dust . Taking the average fractional yield (by mass) of hydrogen to be 0.32 ± 0.10 for white dwarf masses ranging from 0.6 to 1.25 M⊙ as per calculations of Jose & Hernanz (1998) and Starrfield et al. (1997) , the total gas mass based on the mass of hydrogen gas (determined here as 6.3×10
−5 M⊙) is estimated to be 2.0 ± 0.6 ×10 −4 M⊙. Hence the gas to dust ratio is found to be Mgas/M dust ∼ 1.3-6.3 ×10 5 indicating that a small amount of dust was formed in V496 Sct comparable to 3 ×10 5 observed in the case of V2362 Cyg by Munari et al. (2008) .
SUMMARY
We have presented near-infrared and optical spectroscopy and photometry of nova V496 Sct which erupted on 2009 November 8. From the optical lightcurve, the absolute magnitude and the distance to the nova are estimated to be MV = −7.0 ± 0.2 and d = 2.9 ± 0.3 kpc respectively. The infrared and optical spectra indicate that the nova is of the Fe II class. Evidence is seen from the JHK photometry for the formation of dust in the nova in 2010 April. In this context, the presence of emission lines from low ionization species like Na and Mg in the early spectra and subsequent formation of the dust supports the predictive property of these lines as indicators of dust formation as proposed by Das et al (2008) . V496 Sct is one of the moderately fast Fe ii class of novae (t2 = 59 d) that showed CO emission before the dust formation. The various phases of the spectral evolution of V496 Sct have been identified using the Tololo classification system for novae (Williams et al. 1991; Williams, Phillips & Hamuy 1994) . The permitted lines of Fe II were the strongest non-Balmer lines in the pre-maximum as well as the early decline phase indicating P f e class for the nova. The nova had evolved to the auroral phase Ao in 2010 March as the [N II] 5755 auroral line was the strongest non-Balmer line. We note the absence of [Fe X] 6375 coronal emission line in the spectra taken as late as 2011 April 19. Thus the optical spectra show that the nova evolved in the P f e Ao spectral sequence.
